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Haemorheology is  concerned wi th whole b lood v iscosi ty  and i ts
determinants,  i .e .  p lasma v iscosi ty ,  haematocr i t  and shear-dependent
f low behaviour  of  the red cel ls  due to thei r  tendency to aggregate at
low and to deform at  h igh shear rates.  The basic  pr inc ip les and def i -
n i t ions of  haemorheology are expla ined in Chapter  l ,  sect ion . | .1 .  In
sect ion ' t  .2 .  the haemodynamic re levance of  the changes in whole b lood
viscosi ty  are d iscussed.  The haemodynamic s igni f icance of  whole b lood
viscosi ty  depends on the shear forces exer ted on the b lood.  Under
normal  c i rcu latory c i rcumstances the local  shear forces are a lways so
high,  that  whole b lood v iscosi ty  wi l l  be low and hardly  able to cause
ci rculatory t roubles.  However,  whole b lood v iscosi ty  may become
important  when the shear ing forces fa l l  be low a cer ta in level  and are
not compensated for by vasomotor control.
The reduced interv i l lous b lood f low in pat ients wi th pregnancy-
induced hypertension and int ra-uter ine growth retardat ion is  par t ly
ascr ibed to an increase in s t ructura l  v iscosi ty ,  Because the dr iv ing
pressure in  the in terv i l lous space is  low and because the uteroplacenta l
c i rcu lat ion has no autoregulat ion.  an increased b lood v iscosi ty  might
contribute to the intervil lous blood flow reduction (section 1 .2. ) .
However, there exists much confusion with regard to the haemorheolo-
gical changes during normal pregnancy and in pregnancies complicated
by pregancy-induced hypertension and intra-uterine growth retardation
and their relevance for the uteroplacental circulation. The obstetrical
l i terature with regard to these haemorheological changes is reviewed in
sect ion 1.3.  This s tudy was pr imar i ly  undertaken to invest igate whole
blood v iscosi ty  and i ts  determinants dur ing normal  pregnancy (sect ion
1  . 4 .  ) .
Therefore we invest igated the occurrence and the changes in red
cel l  aggregat ion,  p lasma v iscosi ty  and whole b lood v iscosi ty  in  24
women dur ing the course of  thei r  normal  pregnancy.  Red cel l  aggre-
gat ion was measured by means of  a sy l lectometer ,  p lasma and whole
blood v iscosi ty  by means of  a Contraves LS 30 rotat ional  v iscometer .
In Chapter  2 the select ion of  pat ients and the methods used for  sampl-
ing,  ant icoagulat ion,  s torage and t ransport  of  b lood as wel l  as re-
f lect ion photometry and rotat ional  v iscometry are d iscussed in deta i l .
Red cel l  aggregat ion was found to increase dur ing the whole
course of  normal  pregnancy in  spi te of  the physio logical  haemodi lut ion.
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This increase in red cel l  aggregat ion could be at t r ibuted,  to  a great
extent ,  to  the increase in f ibr inogen concentrat ion dur ing pregnancy.
The other  p lasma prote ins wi th a h igh molecular  weight  and asymme-
t r i ca l  spa t i a l  s t ruc tu re ,  immunog lobu l i n  M  and  a r -mac rog lobu l i n ,  had  no
inf luence on the changes in aggregat ion tendency (Chapter  3) .
Plasma v iscosi ty  increased dur ing the second and especia l ly  the
th i rd t r imester  of  normal  pregnancy,  af ter  a smal l  decrease dur ing the
f i rs t  t r imester .  The increase was due to the cont inuous increase in
f ibr inogen concentrat ion dur ing th is  per iod,  in  which tota l  serum
prote in hard ly  showed a fur ther  decrease.  l t  was concluded that
p lasma v iscosi ty  represents a balance between the r is ing f ibr inogen
and the fa l l ing tota l  serum prote in concentrat ion (Chapter  4) .
Dur ing normal  pregnancy we found a decrease in whole b lood
viscosi ty  at  a l t  shear rates unt i l  the 30th week,  fo l lowed by a smal ler
increase between 30 and 37 weeks.  The changes in whole b lood v isco-
s i ty  were largely determined by the changes in haematocr i t  and to a
smal ler  extent  by the changes in p lasma v iscosi ty .  The inf luence of
p lasma v iscosi ty  on the resul t ing whole b lood v iscosi ty  increased at
h igher  shear rates.  At  lower shear rates haematocr i t  was the most
important  determinant  of  whole b lood v iscosi ty .  We did not  f ind any
inf luence of  the increase in red cel l  aggregat ion on low shear b lood
viscosi ty  as measured in a rotat ional  v iscometer  (Chapter  5) .
ln  Chapter  6 the resul ts  of  a cross-sect ional  s tudy are descr ibed,
in which whole b lood v iscosi ty  and i ts  determinants were measured in a
group of  15 pregnant  women wi th pregnancy- induced hypertension
and/or  in t ra-uter ine growth retardat ion and in a contro l  group,  match-
ed for  par i ty  and gestat ional  age.  In  the pathological  group we found
stat is t ica l ly  h igher  haematocr i t  va lues and whole b lood v iscosi ty  va lues
nreasured at  a l l  shear rates.
The f ind ings in  Chapter  3-6 are d iscussed in Chapter  7.  Addi t io-
nal  data are g iven,  showing the unsui tabi l i ty  of  in  v i t ro measurements
wi th rotat ional  v iscometers for  d iscr iminat ing between a normal  and an
enhanced red cel l  aggregat ion tendency.  l t  is  suggested that  the
inf luence of  red cel l  aggregat ion on low shear b lood v iscosi ty  levels  of f
below a cer ta in aggregat ion hal f  t ime.
In th is  chapter  the s igni f icance of  changes in s t ructura l  v iscosi ty
i n  v i vo  i s  a l so  d i scussed .  I n  ou r  op in ion  the  dec rease  i n  haematoc r i t
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during normal pregnancy not only compensates for the enhanced red
cel l  aggregat ion,  but  even d imin ishes the res is tance to f low in the
interv i l lous space.  On the other  hand,  the haemoconcentrat ion seen in
pregnancies complicated by pregnancy-induced hypertension may result
in  an increased res is tance to f low.  In combinat ion wi th the lowered
dr iv inq pressure in  the in terv i l lous space th is  increased res is tance may
lead to a reduced interv i l lous b lood f low in these pregnancies.  F inal ly ,
some speculations are made on the possible effects of haemodilution
therapy on the in terv i l lous b lood f low.
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